Physico-chemical studies of block copolymers in aqueous solution by Armstrong, Jonathan Keith
Greenwich Academic Literature Archive (GALA)
– the University of Greenwich open access repository
http://gala.gre.ac.uk
__________________________________________________________________________________________
Citation:
Armstrong, Jonathan Keith (1997) Physico-chemical studies of block copolymers in aqueous solution. 
PhD thesis, University of Greenwich.
__________________________________________________________________________________________
Please note that the full text version provided on GALA is the final published version awarded 
by the university. “I certify that this work has not been accepted in substance for any degree, 
and is not concurrently being submitted for any degree other than that of (name of research 
degree) being studied at the University of Greenwich. I also declare that this work is the result 
of my own investigations except where otherwise identified by references and that I have not 
plagiarised the work of others”.
Armstrong, Jonathan Keith (1997) Physico-chemical studies of block copolymers in aqueous solution. 
##thesis  _type##  ,  ##institution##  
Available at: http://gala.gre.ac.uk/9544/
__________________________________________________________________________________________
Contact: gala@gre.ac.uk
1359108
PHYSICO-CHEMICAL STUDIES OF BLOCK 
COPOLYMERS IN AQUEOUS SOLUTION
Jonathan Keith Armstrong 
(B.Sc. Hons. Applied Chemistry)
A thesis submitted in partial fulfillment of the requirements of the 
University of Greenwich for the degree of Doctor of Philosophy
School of Chemical and Life Sciences,
University of Greenwich, 
Woolwich, London, SE18 6PF, U.K.
' July 1997
$J£5
DEDICATION
To my parents:
Keith and Gwyneth Armstrong
ABSTRACT
PHYSICO-CHEMICAL STUDIES OF BLOCK COPOLYMERS IN
AQUEOUS SOLUTION
The dilute aqueous solution behaviour of oxyethylene/oxypropylene copolymers has been investigated
as a function of temperature (275-370K), copolymer concentration (0.1-5% w/v) and copolymer
composition [polyoxypropylene (POP) and polyoxyethylene (POE) homopolymers (750-4000gmor' )
and diblock copolymers (3450-13 SOOgmol' 1 ), poloxamers (POE-POP-POE triblock copolymers, 1100-
HOOOgmol" 1 ) and poloxamines (ethylene diamine alkoxylates, 1650-26000gmol" 1 )] using the
macroscopic techniques of high sensitivity differential scanning calorimetry (HSDSC), and differential
scanning densitometry (DSD) and also using the technique of !H and 13C-NMR. The observed phase
transitions from HSDSC data are indicative of an aggregation process and are consequent upon
changes associated with POP involving dehydration, a conformational change and aggregation. For
POP homopolymers, the phase transition results in phase separation of the polymer (cloud point) but
for the diblock copolymers, poloxamers and poloxamines these copolymers remain in solution due to
the effects of the POE portion of the copolymer. The phase transition temperature (Tm ) decreases and
the calorimetric enthalpy (AHcai) increases with increasing molecular mass of the POP block and show
no relationship to the POE content. DSD data of poloxamers in water at a concentration of 1 % (w/v)
show a sharp increase in partial specific volume (v) with increasing temperature, the mid-point of the
transition in agreement with the Tm observed by HSDSC. The partial specific volume change (Av)
approach zero as the POE:POP ratio approaches 1:0 indicative that the phase transition is associated
with changes in the POP portion of the copolymer. TI relaxation NMR data for poloxamer 237 in D20
as a function of temperature shows a gradual increase in relaxation times for -CH2- and -CH(Me)-
resonances with increasing temperature due to increased molecular motion, but a sharp decrease of the
-CH(Me)- relaxation time was observed at the Tm relating to a change in conformation of the POP
portion of the copolymer. The effects of cosolutes (NaCl, Na2HPO4/NaH2PO4 , urea and guanidinium
chloride) and cosolvents (methanol, ethanol, n-propanol, n-butanol and formamide) on the observed
phase transition of poloxamers have been investigated using HSDSC. Sodium chloride, phosphate
buffer, n-propanol and n-butanol favour aggregation of the copolymer reflected in a lowering the Tm
and an increase in AHca]. Conversely, urea, guanidinium chloride, methanol, ethanol and formamide
prevent the onset of aggregation reflected in an increase in Tm and a lowering of AHcai. The effects of
cosolutes and cosolvents on the aggregation behaviour of poloxamers are explained in terms of
enhancing or breaking water structure or by possibly replacing water molecules in the solvation sphere
of the POP portion of the copolymer. The calorimetric output has been analysed using a model fitting
procedure based upon a mass action description to obtain estimates for thermodynamic parameters
which chracterise the aggregation process. These important parameters include Ti/2 , the temperature at
which the aggregation process is half completed, AHca] , AHvH . the van't Hoff enthalpy and n the
aggregation number. The modelled excess heat capacity data are in good agreement with the
experimental calorimetric outputs. An enthalpy-entropy compensation plot for all data obtained
indicate that the solvent-solute interactions that are responsible for the phase transitions observed by
HSDSC are the same for all of the copolymers investigated regardless of the copolymer composition
and concentration.
Jonathan Keith Armstrong
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Less Common Techniques of Thermal Analysis.
Summary.
1.3 Overview of Poloxamers and Poloxamines. 
1.3.1 Synthesis.
Poloxamer
HO-(CH2CH20)A-(CHCH20]g
CH,
Poloxamine
Figure 1.3 
Table 1.3.1 
POLYMER INDUSTRIAL USE
CH3 
HO-CHCH-OH
CH3 
HO-(CHCH2 O)B-H
CH3
(B-l) C^HCH, 
O
[OH"] CH3 
HO-(CHCH2 O)B-H
JOH]
CH3 
HO-(CH2CH20)A-(CHCH20)B-(CH2CH20)A-H
Figure 1.4 
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in vitro 
in vitro 
in vivo 

Staphylococcus epidermidis 
ofPseudomonas aeruginosa, staphylococcul 
ofhybridoma 
fromBombyx 
mori 
Streptomyces coelicolor 
Solanum dulcamara 
Hypericum perforatum L 
Petunia hybrida 
ofMorinda citrifolia 
Streptomyces setonii, Candida sp., Trametes versicolor 
(Necator americcmus Ancylostoma ceylanicum) (2^ 


et al. (2U) 
Poloxamer
P101
P105
P108
P122
P124
P181
P182
P184
P186
P188
P215
P234
P235
P238
P282
P334
P338
POP base 
MW
940
940
940
1175
1175
1750
1750
1750
1750
1750
2050
2250
2250
2250
2750
3250
3250
Product 
MW
1100
1890
5020
1620
2200
2000
2500
2875
3915
8000
4160
4520
4600
10750
3480
6050
15550
cmc 
mMl 1
3.0
9.5
5.2
11.1
8.6
8.0
6.8
5.6
6.4
6.9
9.1
8.9
8.1
5.1
5.5
7.3
4.7
mgml
3.3
18
26
18
19
16
17
16
25
55
38
40
37
55
19
44
73
Surface 
Interfacial Tension,
Static + Dynamic
Light Scattering,
Viscosity,
Electric
Birefringence,
DSC (Micro-DSC
Setaram),
Small Angle
Neutron
Scattering (SANS).
Viscometry,
Ultrasonic
Absorption,
Light Scattering,
Infrared + Roman
Spectroscopy.
Viscometry,
Dynamic light
Scattering.
Viscometry, Static +
Dynamic Light
Scattering, NMR,
Vapour Pressure
Osmometry.
Surface Tension,
Static + Dynamic
Light Scattering,
DSC,
NMR.
0-25%
w/v in
water
-5% w/v
in water
10-
17% w/v
in water
Water
o-Xylene,
addition
ofwater
Fraction
-ated
samples
in water
Dynamic Light 
Scattering, 
Surface Tension, 
Viscosity, 
Fluorescence 
(Pyrene), 
Oscillatory Shear 
Measurements.
Water
Viscosity,
Ultrasound velocity, 
Static + Dynamic 
Light Scattering, 
Density.
Water
Viscosity, 
Vapour Pressure 
Osmometry + 
sorption.
Water, 
Ethyl- 
benzene
Dynamic Surface 
Tension (DST), 
Equilibrium Surface 
Tension (EST).
P237, 
P407, 
P338.
Water
(0.01-10%
w/v)
GPC,
Surface Tension. in water
GPC. 0.21% 
w/v in 
water
Densitometry JO-40%
*w/w in
-water
Dilatometry
Flow Densimetry,
Opacity,
Viscosity,
Differential Flow
Microcalorimetry.
Dynamic light
Scattering, DSC,
SANS, Electric
Birefringence,
Specific
Conductivity.
Static Dynamic
Light Scattering,
NMR,
Fluorescence
(Pyrene).
Static Light
Scattering,
Ultrasonic
Absorption,
Viscosity.
Static + Dynamic
Light Scattering,
Refractive Index,
Viscosity.
Light Scattering,
Ultrasonic Velocity.
Water
(dilute
solution)
0-50%
w/w in
water
Up to
50%
(w/w) in
water
0.2-
25% w/w
in water
17%w/w
in water
0-25%
w/w in
water +
Addition
ofxylene
0-1%
w/w in
water
Static + Dynamic
Light Scattering,
Oscillatory Shear
Measurements.
Static Dynamic
Light Scattering,
Surface Tension.
Dynamic 
Time Averaged
Light Scattering,
NMK
Time-correlated
Fluorescence
(Pyrene).
Fluorescence,
Surface Tension,
Density, Dynamic
Light Scattering.
Fluorescence, DSC,
Surface Tension,
Density, Dynamic
Light Scattering.
^26^29
0-10%
w/w in
water
Water
2.04%
w/v in
water
18.7%
w/v in
water
1-5%
(w/v) in
water
and J-
4M
Urea.
Water
Fluorescence,
Dynamic Light
Scattering.
Fluorescence,
NMR.VJ-JL \»
Fluorescence.
Fluorescence,
Light Scattering, 
Rheology,
DSC,
SANS,
SAXS,
Ultrasonic Velocity,
NMR (Review).
SAXS, 1H-NMR.
Fluorescence
(octadecylrhodamin
e-B).
Fluorescence,
Surface Tension,
Light Scattering,
Ultra-
centrifugation.
Water
and
various
organic
solvents
Water
Water
5 and
10%
(w/v)
Water
Water/
p-xylene
Water
Water
Fluorescence
(Pyrene + ANS).
Fluorescence.
Diode-array UV
Spectrometry.
Diode-array UV
Spectrometry.
!HNMR
relaxation.
13CNMR,
Fluorescence
(Pyrene).
26-
34% w/v
in water
10% w/v
in -water
Pressure
0 -2000
bar
0.5% in
Water
0.5% in
Water
1% w/v
in water
SDS
13CNMR, 
Ultrasonic 
Relaxation.
Water-self diffusion 
NMR
Water-self diffusion 
NMR, 
GPC.
Infrared + 
Roman 
Spectroscopy.
SANS (Review)
SANS and cryogenic 
transmission 
electron microscopy
20%w/w 
inD20
JO-40% 
w/w in 
D2O
l%in 
water 
(GPC) 
JO-40% in 
D20 
(NMR)
10% w/w 
in water 
3% w/w 
in CC\4
0-50% 
in water
water
30
SANS, DSC, electric 
birefringence, 
Dynamic light 
scattering, Specific 
conductivity.
SANS.
SANS
SANS, Static Light 
Scattering, DSC.
SAXS, 
NMR.
SAXS, 
SANS, 
Light Scattering.
0-50% 
w/win 
water 
and 
NaCl 
solution
0-25% 
w/w in 
D20
D2O
Water/S 
DS
Water/ 
o-Xylene 
mixtures
Xylene 
/Water
HSDSC.
HSDSC.
I3CNMR,
HSDSC
HSDSC
HSDSC
HSDSC,
Differential 
Scanning 
Densitometry 
(DSD).
0.5%
w/v in
water
0.5%
w/v in
water
0.5%
w/v in
D20
0.5%
w/v in
water
0.05-2%
P333,
0.1-5%
P237,
0.5%
P122-
P407in
water
1.0%w/v
in water
Isothermal
Microcalorimetry.
HSDSC
HSDSC.
HSDSC
HSDSC
HSDSC
A f\^
0.5%
w/v in
water
Water
Water
0.5%
(w/v) in
water
0.5 +
1.0%
(w/v) in
water
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water +
MeOH,
EtOH,
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formamide
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hydrazine
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Poloxamer
Industrial 
Pluronic Codea
L31
L35
F38
L42
L43
L44
L61
L62
L64
F68
P75
F77
LSI
P84
P85
F87
F88
L92
P94
L101
P103
P105
F108
L121
F127
Poloxamer 
Generic Code
P101
P105
P108
P122
P123
P124
P181
P182
P184
P188
P215
P217
P231
P234
P235
P237
P238
P282
P284
P331
P333
P335
P338
P401
P407
Molecular 
Massb 
(grnol'1 )
1100
1900
4800
1650
1925
2200
2090
2400
2900
8350
4150
6600
2750
3750
4650
7700
11800
3450
4600
3800
4950
6500
14000
4400
12000
POP 
Content
(gmol'1 )
950
950
950
1200
1200
1200
1750
1750
1750
1750
2050
2050
2250
2250
2250
2250
2250
2750
2750
3250
3250
3250
3250
4000
4000
POE 
Content
(gmor1 )
150
950
3850
450
725
1000
340
650
1150
6600
2100
4550
500
1500
2400
5450
9550
700
1850
550
1700
3250
10750
400
12000
HLB 
Valueb
-
18.5
30.5
8.0
-
16.0
3.0
7.0
15.0
29.0
16.5
-
2.0
-
16.0
24.0
28.0
5.5
13.5
1.0
9.0
-
27.0
0.5
22.0
Polydispersityc
-
-
-
-
-
-
-
1.2
-
-
-
-
-
-
1.2
1.2
1.3
-
-
-
1.4
-
1.4
-
1.5
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